Individuals with high levels of impulsivity are more likely to smoke and may have greater difficulty quitting than other smokers. Although the specific mechanisms mediating this relationship are not explicitly known, one candidate is disproportionate cigarette craving in response to environmental smoking cues. We assessed the effect of impulsivity on three measures of cue reactivity. Regular smokers (n = 75) were exposed to a smoking cue and a neutral cue in 2 counterbalanced experimental sessions. Cigarette craving, heart rate (HR), and mean arterial pressure (MAP) were used to index cue reactivity. More impulsive smokers exhibited a disproportionate response to the smoking cue in terms of MAP ( p= .009) but not HR or craving. Impulsive smokers may experience disproportionate cigarette craving in response to environmental smoking cues that are not reflected in self-report measures due to a relative lack of conscious awareness of the urge to smoke.
Introduction
More impulsive people are particularly likely to be regular cigarette smokers (e.g., Kassel, Shiffman, Gnys, Paty, & Zettler-Segal, 1994) and have greater difficulty quitting (Doran, Spring, McChargue, Pergadia, & Richmond, 2004) . Though little is known about mechanisms linking impulsivity and smoking, evidence suggests craving as a plausible candidate. For example, drugs that, like nicotine, increase dopamine (DA) neurotransmission, have been shown to induce disproportionate cravings among impulsive smokers (Reuter & Netter, 2001) . This is consistent with incentive sensitization theory (IST; Robinson & Berridge, 1993 , 2003 , which posits that, through associative learning, events that activate DA release (e.g., drug use) and related cues become particularly salient to substance users. IST holds that chronic drug use leads to sensitization to drug effects and cues, and to neuroadaptations in the mesolimbic DA system. Continued use is thought to lead to more neuroadaptations, promoting further use (Robinson & Berridge, 2001 ). These processes may be relevant for impulsive smokers (Reuter & Netter, 2001) , as impulsivity may be linked to reactivity to drug cues (Kambouropoulos & Staiger, 2001 ). This study was designed to test the hypothesis that more impulsive smokers are disproportionately reactive to smoking cues.
Methods

Participants
Demographic and smoking characteristics are shown in Table 1 . Participants (n = 75) were regular smokers (i.e., at least 15 cigarettes/day for the past year) not currently using nicotine replacement therapy or meeting criteria for other Axis I disorders.
Materials
At baseline, participants completed the Barratt Impulsiveness Scale, version 11 (BIS-11; Patton, Stanford, & Barratt, 1995) . The BIS-11 has been demonstrated to have adequate internal consistency and construct validity (Patton et al., 1995) . BIS-11 scores (M = 64.6, SD = 9.9) were comparable to those reported for college students and less than those reported for substance abuse patients, psychiatric inpatients, and prison inmates (Patton et al., 1995) .
Cue reactivity was measured in terms of craving and cardiovascular function (Table 2) . Craving was assessed via the Questionnaire of Smoking Urges (QSU; Tiffany & Drobes, 1991) , which is sensitive to smoking cue exposure (Morgan, Davis, & Willner, 1999) . Craving was assessed at baseline and after 55 s of cue exposure. Heart rate (HR) and mean arterial pressure (MAP) were also used as cue reactivity indices (Carter & Tiffany, 1999) . HR and MAP were measured via a V72-34 oscillometric blood pressure Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991) . system (Coulbourn Instruments, Allentown, PA). Baseline values were determined by calculating the mean of measurements taken 2 and 4 min after participants began baseline questionnaires. HR and MAP outcome variables were operationalized as the mean of values collected at 0, 2, and 4 min post-exposure.
Procedure
Cue exposure procedures were adapted from Sayette and Hufford (1994) . Prior to both the neutral and cigarette cue exposure procedures, participants smoked one of their own cigarettes. During the next 30 min, baseline craving and smoking behavior questionnaires were completed and cardiovascular function were assessed. Participants were then instructed to hold either a roll of tape (neutral cue condition) or a lit cigarette without touching it to their mouths (cigarette cue condition) for 10 min. All participants were exposed to both cue conditions in separate, counterbalanced sessions at least 24 h apart.
Statistical analysis
Data were analyzed via mixed-effects regression, using linear trends and an uncorrelated variancecovariance structure. Covariates included age, gender, and nicotine dependence. As impulsivity was expected to moderate the effect of cue condition on QSU, MAP, and HR over time, we hypothesized significant impulsivity × condition × time effects for each outcome.
Results
Craving reactivity
Mixed-effects regression (see Table 3 ) indicated that impulsivity moderated the effect of cue condition × time on craving [t (195) = −1.98, p = .049]. We stratified the data and refit the mixed-effects regression model for each condition separately. Impulsivity significantly predicted post-exposure change in craving in the neutral cue condition [t (65) = 2.73, p = .008], but not in the cigarette cue condition. In other words, more impulsive participants exhibited a stronger craving response when exposed to a neutral cue but not when exposed to a cigarette cue. 
Cardiovascular reactivity
Mixed-effects regression analyses (Table 4 ) indicated a significant impulsivity × condition × time effect on MAP [t (167) = 2.62, p = .009]. We stratified the data by condition to examine the effect of impulsivity in each condition (Fig. 1) . Impulsivity × time predicted MAP following exposure to the cigarette cue [t (64) = 2.40, p = .020] but not the neutral cue, indicating that more impulsive smokers experienced a greater increase in MAP following exposure to the cigarette cue. The impulsivity × condition × time interaction did not significantly predict HR reactivity.
Discussion
Impulsivity predicted greater reactivity to a cigarette cue in terms of MAP, but not HR or craving. Findings for MAP but not HR support the hypothesis that impulsive smokers experience stronger cardiovascular responses to smoking cues, which may be indicative of approach motivation (e.g., Fowles, 1983; Fowles, Fisher, & Tranel, 1982) . While HR has typically been used to index cardiovascular activity, MAP may also increase in response to reward (Burgess et al., 1993) . To the extent that these data indicate disproportionate approach motivation among impulsive smokers when exposed to a smoking cue, such individuals may have greater difficulty inhibiting the urge to smoke in the presence of such a cue.
The finding that impulsivity was independent of HR response to cue exposure was contrary to our hypotheses and inconsistent with the literature (Carter & Tiffany, 1999) . As Piasecki, Smith, and Baker (1999) have pointed out, physiological measures of cue reactivity are not well understood. Consequently, the inconsistent cardiovascular findings in the present study may be explained by an additional variable, or may reflect an indirect connection between cardiovascular activity and cue exposure. The finding that impulsive smokers did not experience stronger cravings in the presence of a smoking cue is also surprising. It was recently suggested that self-reported measures of negative affect are relatively unhelpful outcomes among smokers because much of their processing of negative affective information occurs outside of awareness (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004) . The same argument may also apply in this case. Impulsive smokers may be less aware than others of internal states such as craving, and not reliably report such states; they may tend to respond to craving by smoking immediately, and consequently have difficulty quantifying the state when unable to smoke.
